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INTRODUCTION
Polymers in nuclear industry
A wide variety of polymers
Even if used amounts are smaller than others engineering materials (concrete, steel, 
zirconium, etc…), they play a crucial role as
 To maintain a safe and cost efficient operation of nuclear power plants, an understanding of the 
ageing and degradation phenomena of these components is required
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INTERACTION OF RADIATION WITH ORGANIC MATTER
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Polymers (organic molecules) + radionuclides (emitters α and β/γ)
 Interaction of radiation with organic matter
 Irradiation induces chemical reactions in the material
Mechanism under oxidative conditions (radiation, heat or light)
Initiation:
PH → P• + H•
Propagation:
P• + O2 → POO
•
POO• + P’H → POOH + P’•
POOH → PO• + HO•
PO• + PH → POH + P•
HO• + PH → HOH + P•
Termination: recombinaison
P• + P’• → P-P’ (crosslinking) or 
PH + >C=C< (dismutation)
P• + POO• → PO-OP or 
POOH +>C=C<
POO• + POO• → Inactive products + O2
A. Rivaton et al. Polymer Degradation and Stability 91 (2006) 136
Crosslinking: ↗ Mw  ↘ solubility to 
insolubility  hardness
Scission: ↘ Mw  ↗ solubility  viscous 
material
1, 2 and 5 MGy
10, 15 and 20 MGy
2 MGy 10 MGy
Atmospheric Solids Analysis Probe (ASAP)
Chemical and structural identification of unknown component analytes comprising a complex 
mixture  Direct solid analysis 
Sample deposited onto glass tube
- Direct use of the sample
- No solvent required
Desorption using a hot N2 flux
Ionization from plasma generated by
a corona discharge
MASS SPECTROMETRY FOR POLYMERS ANALYSIS IN THE LAB
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Charles N. McEwen, et al., Anal. Chem. 2005, 77, 7826-7831
Charge transfer (M+•)
N2 + e
– → N2
+• + 2e-
N2
+• + 2N2 → N4
+• + N2
N4
+• (or N2
+•) + M → M+• + xN2
Proton transfer (MH+)
N4
+• + H2O → H2O
+• + N2
H2O
+• + H2O → H3O
+ +HO•
H3O
+ + n(H2O) + N2 → H
+(H2O)n + N2
H+(H2O)n + M → MH
+ + n(H2O)
POLYURETHANE ANALYSIS
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Polyurethane synthesis
Polyaddition of a diisocyanate to a polyol in the presence of additives
Complex composition and different structures
Copolymer → diﬃcult to characterize directly by MS without sample treatment:
preliminary dissociation of each segment from the copolymer (e.g. pyrolysis or chemical 
dissociation)
Py-GC/MS and/or MALDI/MS
⇒ Aim: direct analysis of PU by mass spectrometry
CEA | EuroAnalysis 2017
POLYURETHANE ANALYSIS
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Polyurethane synthesis
Polyaddition of a diisocyanate to a polyol in the presence of additives
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POLYURETHANE ANALYSIS
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Hard Segment
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Dose rate: 0.6 à 0.75 kGy/h
Oxidative conditions
O O n
 
Methylene diphenyl diisocyanate
(MDI)
Poly(tetramethylene ether) glycol 
(PTMEG)
Electric cable 
sheath
Non irradiated
2 MGy 10 MGy
ASAP ANALYSIS: NON IRRADIATED MATERIAL
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ASAP: thermal plasma desorption 
 analysis of sample at different temperatures
 Desorption of compounds with temperature
higher m/z range
polymeric profile
Low m/z range
Different m/z than < 300 °C
ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
500 1000 1500 2000
%
0
100
160822_05 81 (1.365) Cm (68:83-(1:41+115:133)) TOF MS AP+ 
9.26e3277.1
279.1
303.0
307.1
527.2
331.1
731.2
1135.6991.5 1279.6
1353.7
1425.7
1497.8
T°= 600 °C
ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
100 200 300 400 500 600 700 800 900
%
0
100
160822_05 378 (6.422) Cm (373:378-(335:365+469:489)) TOF MS AP+ 
6.81e3327.0
225.0
132.0
250.0
250.2
326.0
328.0
328.2
341.1
399.3
400.3
507.4
ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
200 400 600 800 1000
%
0
100
160822_05 496 (8.433) Cm (492:497-(478:489+500:507)) TOF MS AP+ 
1.28e3327.0
285.4
285.2
283.2
201.1
399.3
663.3
400.3
436.4
520.4
562.5
664.3
T°= 300 °CT° < 300 °C
Low m/z range
Non irradiated
ASAP ANALYSIS OF A CABLE SHEATH (PU)
Analysis at low temperature (T° < 300°C)
TOF analyzer → exact mass measurements → additives identification
At low desorption temperature  detection of additives of the polymer
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ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
100 200 300 400 500 600 700 800 900 1000
%
0
100
160822_05 496 (8.433) Cm (492:497-(478:489+500:507)) TOF MS AP+ 
1.28e3327.0
285.4
285.2
283.2229.4
177.1114.1
111.1 127.1
286.2
324.3
399.3
328.0
380.3
663.3
400.3
436.4 464.4 520.4
562.5 662.3
664.3
P
O
O O
O
Oxidized Irganox 168 (anti-oxidant)
?
Stearic acid
(lubricant)
O
OH 
16
Triphenylphosphate (flame retardant and plastizer)
P
O
O O
O
Non irradiated
ASAP ANALYSIS OF A CABLE SHEATH (PU)
Analysis at 300°C
Detection of molecular ion M+• for MDI 
Detection of characteristic thermal degradation products of MDI ⇒ Structural identification of 
the PU Hard Segment
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ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
%
0
100
160822_05 378 (6.422) Cm (372:379-(351:367+447:491)) TOF MS AP+ 
7.70e3225.0
132.0
106.0
104.0
115.0
106.1
128.0
121.0
196.0
180.0
165.0161.1132.2
133.0
152.0149.0
146.0
166.0
178.0
169.0
195.1
182.1
194.0
183.1
224.0208.0
199.1
223.2
208.2
209.0
219.1
226.1
250.0
226.2
235.1
227.1
249.0
237.1
239.0
250.2
251.2
268.0252.0
267.0
NHCH2
+
N
+ C OCH2
CH NH
+
NH2 CH NH
+
CH2 N
+ C O
CH N+ C O
M+•
M= MDI
CH2 N C OO C N
Robert P. Lattimer et al., J Anal Appl Pyrol 17(3):237–249
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Non irradiated
Analysis at high temperature (T°=  600°C)
Detection of a characteristic polymeric profile
Δm = 72 u: PTMEG → detection of Soft Segment
Thermal degradation products  Structural identification of Soft Segment of PU
 Desorption of the copolymer components can be controlled by temperature
ASAP ANALYSIS OF A CABLE SHEATH (PU)
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ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
%
0
100
160822_05 76 (1.280) Cm (67:76-(1:51+100:150)) TOF MS AP+ 
2.56e31063.5
991.5
919.4
847.4
731.2
703.3
675.2
631.3
775.4
1135.6
1207.6
1281.6
1353.7
1425.7
1497.8
1569.8
1641.9
1697.9
1714.9
*
O
*
n
 
∆m = 72 u: PTMEG
Poly(tetramethyleneglycol) 
Polymer
family
Structures
72*n
CH2-CH2-CH2-CH2- (PTMEG)n-O
56 + 72*n H2C=CH-CH2-CH2-(PTMEG)n-H
112 +72*n H2C=CH-CH2-CH2-(PTMEG)n-1-O-CH2-CH=CH2
24 +72*n Not identified
18 +72*n HO-(PTMEG)n-H
Non irradiated
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ASAP ANALYSIS OF A CABLE SHEATH (PU) AFTER 
IRRADIATION
Analysis at low temperature  Hard Segment degradation
Very similar mass spectra with the dose: detection of characteristic ions fragments of MDI
 Impact on Hard Segment seems low
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ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
%
0
100
%
0
100
%
0
100
160822_05 378 (6.422) Cm (372:378-(297:365+453:487)) TOF MS AP+ 
5.64e3225.0
196.0
132.0
104.0
106.0 128.0
180.0
165.0
133.0 153.0
149.0
166.0
195.1
182.1
194.0
224.2
208.0
196.2
221.0
209.0
210.1
225.3
226.1
250.2226.2
235.1
236.1
285.4
268.0252.1
160822_12 60 (1.006) Cm (57:83-(1:44+93:138)) TOF MS AP+ 
4.05e4132.0
104.0
77.0 106.1
250.0
225.1208.0196.0132.2
180.1
165.0133.2 146.0
134.0 166.1
181.1
193.1
196.2
223.0
208.2
209.0
239.0
226.1
226.3
249.0
251.0
265.0
252.1
253.1
283.0
268.0
269.1 293.1 309.1
160822_13 454 (7.722) Cm (454:480-(361:431+485:513)) TOF MS AP+ 
3.47e4132.0
106.1
104.0
94.177.0
120.0
106.1 122.0
250.0225.1
132.2 224.1
208.0
146.0
135.0
166.0
148.0 196.0180.1
223.1
213.1
239.0
226.1
236.1 239.3
250.2
283.0265.0
252.1 279.1 293.1 310.1
Non irradiated
2 MGy
10 MGy
M+•
N
+ C OCH2
NHCH2
+
NH2 CH NH
+
Irradiated
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ASAP ANALYSIS OF A CABLE SHEATH (PU) AFTER 
IRRADIATION
Analysis at low temperature  Hard Segment degradation
Very similar mass spectra with the dose: detection of characteristic ions fragments of MDI
 impact of radiolysis on Hard Segment seems low
However some new signals are detected |  PAGE 13
ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
%
0
100
%
0
100
%
0
100
160822_05 378 (6.422) Cm (372:378-(297:365+453:487)) TOF MS AP+ 
5.64e3225.0
196.0
132.0
104.0
106.0 128.0
180.0
165.0
133.0 153.0
149.0
166.0
195.1
182.1
194.0
224.2
208.0
196.2
221.0
209.0
210.1
225.3
226.1
250.2226.2
235.1
236.1
285.4
268.0252.1
160822_12 60 (1.006) Cm (57:83-(1:44+93:138)) TOF MS AP+ 
4.05e4132.0
104.0
77.0 106.1
250.0
225.1208.0196.0132.2
180.1
165.0133.2 146.0
134.0 166.1
181.1
193.1
196.2
223.0
208.2
209.0
239.0
226.1
226.3
249.0
251.0
265.0
252.1
253.1
283.0
268.0
269.1 293.1 309.1
160822_13 454 (7.722) Cm (454:480-(361:431+485:513)) TOF MS AP+ 
3.47e4132.0
106.1
104.0
94.177.0
120.0
106.1 122.0
250.0225.1
132.2 224.1
208.0
146.0
135.0
166.0
148.0 196.0180.1
223.1
213.1
239.0
226.1
236.1 239.3
250.2
283.0265.0
252.1 279.1 293.1 310.1
Non irradiated
2 MGy
10 MGy
*
* *
*
*
*
*
*
*
* * * *
M+.
* *
*
Irradiated
ASAP ANALYSIS OF A CABLE SHEATH (PU) AFTER 
IRRADIATION
Identification of hard segment degradation molecules
 carbonyl and carboxylic acid
functions  oxidation reaction
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m/z Fragments structure 2 MGy 10 MGy
120 X X
146 X X
164 X
199 X
213 X X
239 X X
265 X X
283 X X
O
NCOOCN
O
NH2OCN
O
NH2NH2
NH2NH2
OH
O
OCN
ASAP-variation T- PUR Gore 10 MGy - ech frotte
m/z
75 100 125 150 175 200 225 250 275 300
%
0
100
160822_13 467 (7.943) Cm (464:480-(361:431+485:512)) TOF MS AP+ 
2.15e4132.0
106.1
104.0
77.0
120.0
225.3
132.2
224.1
208.0
133.0
196.0180.1
166.0
250.0
239.0
250.2
265.0 283.0
293.1
*
* *
*
*
*
* *
H
NCO
N OH
O
H
OCN
OCN
C
O+
H+
H+
H+
H+
H+
H+
H+
Radio-oxidation at 10 MGy
Irradiated
PROPOSED MECHANISM OF HARD SEGMENT 
DEGRADATION
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T. Servay, T., et al. Polymer 41(14)-5247-5256; Wilhelm C., et al. Polymer, 39(5) (1998), 1223-1232; Dannoux, A., et al. J. Polym. Sci.: Part B. 46 (2008), 861-878
Departure of H• on methylene (CH2)
O2 attack on methylene
N-C urethane scissions
C-O urethane scissions
N O
O
NO
O
H H
O2
C  
N O
O
NO
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H H
H
N O
O
H
NO
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H O O  
N O
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NO
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H O OH
O N O
O
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N
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H
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H
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O N
O
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CO2
NH2
O
NH2
O N C
  
O
H
N
O
H
O
O  
O NN
O
H
O
OC
NH2
O
NCO
NO
O
H
C  
O
N O
O
H
H
N
H
C
O
NO
O
H
O
OH
N
O
OH
C
O
OCN
O+
O2
N-C urethane
dissociation
m/z 265
+
+
m/z 213
C-O urethane
dissociation
+
m/z 239
P.
POO.
P'H
+ P'.
+
m/z 120
m/z 164
-H2O
m/z 146
deshydration
C-O urethane
dissociation
POO.
+
Primary amine function Isocyanate function
Carboxylic acid function
Ketone function
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ASAP ANALYSIS OF A CABLE SHEATH (PUR) AFTER 
IRRADIATION
Analysis at high temperature  Soft Segment degradation
Very different mass spectra with the dose
 Important impact on Soft Segment of the irradiation
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ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
%
0
100
%
0
100
%
0
100
160822_05 75 (1.263) Cm (63:75-(1:59+92:114)) TOF MS AP+ 
1.03e4303.0
277.1
219.1
203.1
307.1
527.2331.2471.1
365.1
731.2675.2
583.2
787.3
1065.5993.5919.4 1137.6 1281.7 1353.7
1497.8 1569.8
1713.9
160822_12 275 (4.668) Cm (267:277-(221:264+340:423)) TOF MS AP+ 
9.90e3293.3249.0
165.0
303.3
323.1393.1465.2 609.3681.3753.4825.4897.4969.5
160822_13 78 (1.314) Cm (78:145-(1:51+151:168)) TOF MS AP+ 
8.81e3249.1
199.1
158.1 364.1251.1
315.1 455.2378.1 456.2535.2
611.2
Non irradiated
2 MGy
10 MGy
PTMEG
Irradiated
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ASAP ANALYSIS OF A CABLE SHEATH (PUR) AFTER 
IRRADIATION
Identification of degraded polymers families after irradiation
↗ of the number of signals between repeating units after irradiation
Several signals separated of 2 u  characteristic of presence of unsaturation or crosslinking
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ASAP-variation T- PUR Gore 2 MGy - ech frotte
m/z
600 610 620 630 640 650 660 670 680 690
%
0
100
160822_12 275 (4.668) Cm (267:277-(221:264+340:423)) TOF MS AP+ 
3.29e3609.3
599.2
607.3
681.3
671.2
610.3
623.2
613.2
621.2
665.3
655.3
645.3
637.3624.3
663.3
659.2
679.3
682.3
695.3
683.3
693.3
∆m = 72 u
- 2 u
- 2 u
ASAP-variation T- PUR Gore non irradie - ech frotte
m/z
950 1000 1050 1100 1150 1200 1250 1300 1350 1400
%
0
100
160822_05 75 (1.263) Cm (63:75-(1:59+92:144)) TOF MS AP+ 
3.39e31065.5
993.5
919.4
921.4
977.5
975.5
922.5
955.6923.5
933.4
1063.5
1049.5
1047.5
994.5
995.5
1033.6
1137.6
1135.6
1121.6
1066.5
1119.6
1067.5
1105.6
1099.6
1068.6
1209.6
1207.6
1193.61138.6
1191.6
1139.6
1177.7
1175.6
1141.6
1281.7
1279.6
1210.6
1265.7
1263.7
1211.6
1249.7
1212.6
1213.6
1353.7
1282.7 1351.7
1337.7
1335.7
1283.7
1321.7
1319.7
1285.7
1354.7
1407.7
1355.7
1393.7
1356.7
1357.7
ASAP-variation T- PUR Gore 2 MGy - ech frotte
m/z
450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950
%
0
100
160822_12 275 (4.668) Cm (267:277-(211:264+340:423)) TOF MS AP+ 
2.74e3465.2
454.1
609.3
537.2
525.1
466.2
513.1
472.1
473.1
473.1
599.2
538.2
597.2539.1
565.2
681.3
671.2
610.3
623.2 669.2
653.2
753.4
743.3
682.3
695.3
737.4
717.3
825.4
815.3754.4
767.3
809.4
897.4
887.4826.4
839.4
881.4
898.4
911.4 959.4
933.5
Non
irradiated
2 MGy
Irradiated
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ASAP ANALYSIS OF A CABLE SHEATH (PUR) AFTER 
IRRADIATION
Identification of degraded polymers families after irradiation
↗ of the number of signals between repeating units after irradiation
Several signals separated of 2 u  characteristic of presence of unsaturation or crosslinking
 Oxidized functions: alcohol, hemiacetal, carboxylic acid and aldehyde
 Unsaturation function: alkenes |  PAGE 18
Family m/z Structures
(1) 36 + 72*n Non identified
(2) 46 + 72*n HO-(PTMEG)n-CHO
(3) 60 + 72*n HO-CH2-(PTMEG)n-CHO
(4) 68 + 72*n H3C-CH=CH2-(PTMEG)n-CH=CH2
(5) 74 + 72*n H3C-CH2-CH2-CH2-O-(PTMEG)n-H
(6) 78 + 72*n HO-CH2-O-CH(OH)-(PTMEG)n-OH
(7) 88 + 72*n HO-(CH2)3-CH(OH)-(PTMEG)n-H
(8) 94 + 72*n HO-CH2-O-CH(OH)-(PTMEG)n-OH
(9) 104 +72*n HOOC-(CH2)3-(PTMEG)n-OH
(2)
ASAP-variation T- PUR Gore 2 MGy - ech frotte
m/z
600 610 620 630 640 650 660 670 680 690
%
0
100
160822_12 275 (4.668) Cm (267:277-(221:264+340:423)) TOF MS AP+ 
3.29e3609.3
599.2
607.3
681.3
671.2
610.3
623.2
613.2
621.2
665.3
655.3
645.3
637.3624.3
663.3
659.2
679.3
682.3
695.3
683.3
693.3
(1)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
Irradiated
∆m = 72 u
ASAP ANALYSIS OF A CABLE SHEATH (PUR) AFTER 
IRRADIATION
Proposed mechanism of Soft Segment degradation
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H• abstraction
alkyl radical
crosslinking/scission
alkyl radical + O2
ROO •,
ROOH, RO •, • OH
RO • decomposition
ROCHO, CH2=CHR
ROC(OH)R
ROC(OH)R decomposition
ROOR
ROH, RC(=O)OH,
Gardette, J. L., et al. Macromol. Symp. 143 (1999), 95-109
Dannoux, A., et al. J. Polym. Sci.: Part B. 46 (2008), 861-878
O O
H  
O C
  O O
O O
O C
  
O2
O O
OO
H  
O O
OOH
HO
O O
O  
O
O
H
O
O O
OH
O O
O
OH O
O
OH
abstraction on Cα Crosslinking
∆m= 2 u
alkyl radical
.
Peroxyle
Hydroperoxyle
.
β scission
+
AldehydeAlkene
Hemiacetal Ester
+
Alcohol Carboxylic acid
HO.
POLYETHYLENE ANALYSIS
|  PAGE 20
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POLYETHYLENE (PE) ANALYSIS
Structural composition
Saturated, aliphatic hydrocarbons
Difficulty of mass spectrometry analysis: large saturated polymer without heteroatoms
ASAP-MS analysis of non irradiated PE
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*
*
n
 
T°= 500 °CT°= 300 °C
ASAP - PE GoodFellow non traite - mode positif
m/z
100 150 200 250 300 350 400 450 500 550 600 650 700 750
%
0
100
170630_01 179 (3.034) Cm (179:191-(130:149+231:236)) TOF MS AP+ 
7.60e3663.4
285.2
257.2
221.1
107.1
219.1
662.4
286.3
351.1
327.1
607.3358.3
375.1
441.2
419.3
399.1
530.4
442.3
596.5
568.5
647.4
664.4
665.4
666.4
Stearic acid
Palmitic acid
Oxidized Irgafos 168
PO O
3
35H17C OH
O H+
31H15C OH
O H+
ASAP-variation T- PE Sigma non irradie - ech frotte
m/z
200 400 600 800 1000 1200
%
0
100
160822_02 464 (7.898) Cm (454:464-(407:441+548:568)) TOF MS AP+ 
4.82e3219.1
115.0
128.0
209.1
163.1
450.3
422.3
323.1
259.1
394.3
478.4
506.4
562.4
590.4
618.5
646.5
674.5
702.5
703.5
731.6
759.6
Δm= 28 u: PE and fragments 
ions (-14 u= -CH2)
⇒ Structural identification 
of polyethylene
Non irradiated
Irradiated PE analyzed at same T°
Very different mass spectra after irradiation at 2 and 10 Mgy  Important impact of radio-
oxidation
Similar mass spectra after irradiation at 2 and 10 MGy
ASAP-variation T- PE Sigma 2 MGy - ech frotte
m/z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
%
0
100
%
0
100
%
0
100
160822_02 177 (3.003) Cm (176:188-(115:171+326:428)) TOF MS AP+ 
8.17e3527.1
471.1
415.1
259.1
299.2323.1 416.1
472.1
731.2639.2583.2
584.2
758.6
814.6
870.7899.3
926.7954.7
1010.8 1094.8
160824_01 189 (3.203) Cm (141:189-(91:111+204:218)) TOF MS AP+ 
1.20e4921.7879.7823.6767.6613.5543.4515.4 697.5
949.7
1005.8
1063.8
160824_02 239 (4.057) Cm (202:255-(150:173+270:286)) TOF MS AP+ 
9.88e3515.4459.3431.3
375.3
319.2
543.4599.4 709.5 751.6 849.6 891.7
Non irradiated
2 MGy
10 MGy
= PE
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2 MGy 10 MGy
PE after irradiation at 2 MGy
Mainly Δm= 2 u     unsaturation and/or crosslinking
Oxidized functions: alcohol, carboxylic acid and aldehyde
Unsaturation function: alkenes
ASAP ANALYSIS OF PE AFTER IRRADIATION
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polymer Structures
(1) 44 + 28*n H3C-CO-(PE)n-H
(2) 46 + 28*n H3C-CH(OH)-(PE)n-H
HOOC-(PE)n-H
(3) 48 + 28*n HO-H2C-(PE)n-OH
(4) 78 + 28*n HO-COO-(PE)n-OH
(5) 52 + 28*n Non identified
(6) 54 + 28*n H2C=CH-(PE)n-CH=CH2
ASAP-variation T- PE Sigma 2 MGy - ech frotte
m/z
860 865 870 875 880 885 890 895 900
%
0
100
160824_01 189 (3.203) Cm (141:189-(91:111+204:218)) TOF MS AP+ 
1.17e4879.7865.6863.6
861.6
859.6
855.7
857.7
877.7
867.7
875.7
868.7
869.7
871.7
891.7
881.7
889.7
882.7
883.7
885.7
893.7
895.7
896.7
901.7
897.7
899.7
-14 u = - CH2 -14 u = - CH2
(2)
(3)
(4) (5)
(6)
(1)
= 28 u
Irradiated
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Proposed mechanism of PE degradation
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Torikai, A., et al. Polym Degrad Stabil 16 (1986) 199-212
C  
12
H  
H  
P  
O2
OO
OOH
H  
O  
O
H
O
OH
O OH
abstraction
Unsaturation
Crosslinking
-
+
.
+
β scission
Aldehyde
Ketone Alcohol
Carboxylic acid
CONCLUSIONS AND PERSPECTIVES
ASAP-MS for analysis of degradated polymers
Fast analysis (< 1 min)
No sample preparation
Complete characterization of polymer and copolymer
Detection of additives
Temporal separation of molecules in function of their volatilization and/or degradation 
temperature
Identification of degraded products after irradiation
Sensibility of different segment to irradiation
 Mechanisms of degradation could be proposed
 In one analysis: same results observed as those obtained with several techniques 
(FTIR, MS, UV, TGA, etc…)
Perspectives
Semi-quantification of degradated products with the doses
Analysis at lower doses to explore impact of additives
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